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The present paper analyses interactions between the foreign exchange, money and stock
markets in Asian Paciﬁc countries from 1999 till 2006. Considering inﬂuences on ﬁnancial
market volatility, the estimations are carried out in multivariate EGARCH models using
structural residuals. This approach consequently allows the identiﬁcation of the contem-
poraneous eﬀects between the variables. Structural VARs or VECMs can therefore give
answers to questions of exchange rate stabilisation, monetary policy behaviour or equity
market reagibility. Additionally, a correlation analysis of the identiﬁed innovations reveals
the degree of coherence in the Asian Paciﬁc region.
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This present paper aims at identifying the impacts between key ﬁnancial markets in the
Asian Paciﬁc region. More speciﬁcally, the focus is on determining causal interlinkages
between daily data of the exchange rate, the money market rate and the stock index in
the post-crisis period 1999-2006. The markets concerned are characterised by the absence
of serious barriers and frictions, so that reactions to economic news and mutual inﬂuences
are taking place even within the same day. This short time window brings the need of
a thorough understanding of the structural interdependence to the fore. For the same
reasons, my empirical approach also takes volatility eﬀects into account, which play an
important role for the functioning of ﬁnancial systems.
Most prominently, the Asian ﬁnancial crisis in 1997/98 has brought topics such as con-
tagion and volatility transmission on the agenda. The years since then have witnessed a
fast economic recovery in some countries as well as the establishment of policy concepts
directed at fostering ﬁnancial stability. The task of constructing a sound system of ﬁnan-
cial markets has reached high priority in international politics. Therefore, it is as well the
more stable periods, which call for a better understanding of the short-run interactions
between diﬀerent ﬁnancial assets. For example, identifying the relevant eﬀects is crucial
for conducting monetary policy in a solid and foresighted fashion. By the same token,
organising the currency management especially in South-East Asia, a frequently discussed
question, deserves detailed information on the mechanisms of shock propagation. Another
important task, building regional capital markets for eﬃcient factor allocation and stable
development, depends on the role of stock exchanges in receiving and generating economic
signals.
For establishing direct eﬀects in the conditional mean of the three above mentioned vari-
ables, exchange rate, short-term interest rate and stock index, I ﬁrst estimate reduced-
form time series models, thereby taking regard of possible cointegrating relations. The
heteroscedasticity in the residuals is then picked up in multivariate exponential generalised
autoregressive conditional heteroscedasticity (EGARCH) models. In the conventional ap-
proach, these models are speciﬁed for the reduced-form residuals, which can be seen as
linear combinations of underlying structural shocks. In contrast, my methodology ad-
dresses directly the conditional variances of these structural innovations, thereby giving a
solution to the problem of identifying the mutual contemporaneous impacts between the
variables. This enables me to estimate structural-form mean equations in the last step
without imposing constraints on the parameters, all of which are necessarily questionable
1in any ﬁnancial markets context.
Concerning the relevant methodological literature, Rigobon and Sack (2003b) have re-
cently proposed a related variant of structural GARCH, see as well Lee (2006) for an ap-
plication to Asian and US stock markets. While these authors still estimated a GARCH
with reduced-form residuals, even if characterised by structural restrictions, I consider
directly the variance process of the structural residuals. Furthermore, I incorporate the
EGARCH approach, which has been developed by Nelson (1991) in its univariate form.
In this, I provide a solution to the common problem of assuring the covariance matrix to
be positive deﬁnite and additionally allow for asymmetries. Moreover in contrast to the
existing literature, in determining the various market interrelations, I take the contempo-
raneous and dynamic eﬀects into account.
From an economic point of view, the underlying paper is related to several strands of litera-
ture analysing various possible impacts between the relevant ﬁnancial variables: Perhaps
most prominently, monetary reaction functions have gained attention in empirical eco-
nomics. While explanatory variables like output gaps or inﬂation are most common, the
roles of the exchange rates and share prices are far less explored and moreover highly con-
troversial in practical monetary policy. Questions of exchange rate determination have for
example been discussed in the context of the management of currency systems. Finally,
the stock market performance has commonly been considered under the aspects of news
eﬀects and contagion. For recent examinations see e.g. Rigobon and Sack (2003a), Capo-
rale, Cipollini and Demetriades (2005), Rigobon and Sack (2003b), Andersen, Bollerslev,
Diebold and Vega (2005) or Bautista (2003).
The research paper is structured in the following way: The subsequent section discusses
theoretical approaches on cross-eﬀects between the three ﬁnancial markets. Thereafter,
section 3 introduces the methodology of structural EGARCH estimation. The empirical
results of the application on the Asian Paciﬁc region can be found in section 4, which
is followed by a correlation analysis of regional coherence. The last section provides a
summary and concluding considerations.
2 Economic Foundation
The following paragraphs give economic explanations for the most appealing inﬂuences
between the exchange rate, the money market rate and the stock index. In diﬀerent
ﬁelds of research various specialised theoretical concepts have been developed. Eventu-
2ally though, all markets naturally follow the rules of supply and demand, so that every
theoretical foundation should come across along these lines:
Foreign exchange market
In the macroeconomic theory, the most common eﬀect is surely the exchange rate reac-
tion to capital in- and outﬂows. Thereby, these movements can be induced by monetary
policy decisions on the interest rate or by exogenous shifts in preferences, investment op-
portunities and such. While a successful interest tightening by the central bank should go
along with an appreciating currency, on the contrary interest rates driven up by exoge-
nous capital outﬂows are typically accompanied by depreciations. Especially for times of
economic disturbances the former eﬀect, and therefore the eﬀectiveness of currency policy,
has been doubted (Stiglitz 1999 amongst others): When interest rates push up capital
costs, this increases the danger of bankruptcies of highly leveraged borrowers and might
consequently provoke the phenomenon of capital ﬂight. Another channel, which could
make an interest increase fail to appreciate the currency, is inﬂation expectations: If a
monetary policy decision is taken as carrying information on future inﬂation, this signal
might cause an anticipated depreciation.
Concerning the equity market inﬂuences, at ﬁrst one should consider the role of stocks
as growth indicators: Reﬂecting expectations about the value of future cash-ﬂows, they
could work as signals for the performance of the economy, thus normally appreciating
the exchange rate in case of ”good” news. Furthermore, international portfolio shifts in
reaction to stock market events cause demand respectively supply changes of the involved
currencies.
Money market
Interest rate movements can generally be characterised either as policy-driven or as
market-driven (e.g. Caporale, Cipollini and Demetriades 2005). On the one side, for
instance a currency depreciation is likely to make the central bank thinking about rais-
ing the monetary policy rate. Obviously, this cannot happen on a day-to-day basis, but
the very expectation will be projected immediately in the market. On the contrary side,
the uncovered interest rate parity (UIP) provides a market linkage between interest and
exchange rates: Diﬀerentials between foreign and domestic rates should be oﬀset by an
expected revaluation, in addition to a possible risk premium. Though, this already im-
plies, that the direction of reactions depends on the mechanism of expectation formation:
For example, according to adaptive expectations, a depreciation would be followed by
further depreciations, while the contrary would be true for constant expectations.
The eﬀects from the stock market can be structured in a similar way: Although normally
3denied, equity developments have a signalling function for the monetary policy. Herein,
I consider the channels of changes in wealth respectively consumption, of corporate in-
vestment costs and again of growth indication (e.g. Rigobon and Sack 2003a). Another
mechanism probably works through the tendency of investors to switch to relatively safe
bonds or money market assets in times of economic diﬃculties.
Stock market
Impacts on the equity index naturally are propagated through the formation of expecta-
tions, but remain theoretically indeﬁnite in their overall direction: Taking the example of
a currency depreciation, the fear of capital outﬂows and monetary tightening would have
a negative inﬂuence on the equity performance. Notwithstanding, hopes of strengthening
exports or rising retail prices would produce the contrary result. At last the concept of
UIP can as well be applied to equity returns (URP: ”uncovered equity return parity”, see
Cappiello and De Santis 2005), with the same decisive role of the form of expectations.
Theories on stock market reactions to interest rate movements have been worked out rela-
tively well (e.g. Andersen, Bollerslev, Diebold and Vega 2005). Straightforward channels
can be established by deﬁning the stock price as the sum of discounted future cash-ﬂows:
On the one hand, a negative impact comes through the interest rate reﬂecting opportu-
nity and investment costs. On the other hand, interest rates contain signals of future
economic growth, thereby raising expected proﬁts hand in hand with the equity index. In
the literature, theoretical and empirical results seem to favour the view, that the former
eﬀect dominates during economic upswings, while the latter, unfortunately in the reverse
direction, is more important in recessions (e.g. Andersen, Bollerslev, Diebold and Vega
2005 or Boyd, Hu and Jagannathan 2005). Of course, besides signals about growth, the
interest rate could as well carry information about future inﬂation, for example as in the
Fisher equation, and the course of monetary policy. The related impact is straightforward
as explained above.
Obviously, not all mentioned eﬀects can be of the same importance in every country
model. In the particular context of post-crisis Asian-Paciﬁc ﬁnancial markets the focus
should be on the following points:
• Does monetary policy try to stabilise the currency?
• Can it succeed in this attempt?
• How important are exchange rate stability and interest rate movements for the
overall economic performance?
4Volatility eﬀects
Up to now, the argumentation has aimed at interrelations between the levels of the three
ﬁnancial variables. In general, all these connections could as well be thought of in the
domain of variability, but here the theoretical foundation is rather poor. Nevertheless,
volatility transmission matters for monetary policy decisions, the construction of stable
ﬁnancial systems, risk hedging or the reduction of vulnerability, amongst others. There-
fore, on this stage I present some stylised facts, which could possibly be found in the
empirical analysis:
• Concerning the exchange rate, one main question is, whether higher variability
is brought into an economy by foreign linkages. Might currency revaluations for
example cause speculations about central bank decisions, or does the stock market
show signs of increased activity?
• Put it the other way round, does monetary policy itself induce ﬂuctuations, as it is
claimed by neoclassical theories?
• At last, in how far are contagion eﬀects from the traditionally volatile stock market
existing?
3 Methodological Proceeding
3.1 Models for the Mean Process
The basic generating process of the data (here exchange rate, money market rate and
stock index) in the econometric procedure is assumed to be the structural-form VAR with










jyt−j + εt , (1)
where yt contains the n (here 3) endogenous variables, B∗
j are n×n coeﬃcient matrices and
εt is an n-dimensional vector of uncorrelated heteroscedastic residuals. The deterministic
terms are a constant, a linear trend (t) and centred daily seasonal dummies (dt), which
control for possible day-of-the-week eﬀects.
Given the presence of unit roots in the data, according to Johansen (1995), the common-




jLj. Consequently, one can write B∗(1) = −αβ ,w h e r eβ spans the space
of the r cointegrating vectors, and α contains the corresponding adjustment coeﬃcients.
5Granger’s representation theorem then leads to the structural VECM
A∆yt = α[β
 yt−1 + µ0 + µ1(t − 1)] + µ2dt +
q  
j=1
Bj∆yt−j + εt , (2)
with Bj = −
 q+1
k=j+1B∗
k, j =1 ,...,q. Constant and trend are assumed to be absorbed
in the cointegrating relation.
Since (2) for itself is not identiﬁed, the reduced-form VECM is derived:
∆yt = α
r[β







j∆yt−j + ut . (3)
All coeﬃcients are obtained by premultiplying A−1 in (2), therefore being marked by the
superscript r for ”reduced”. Accordingly, the new residuals are given by ut = A−1εt.
The unit root behaviour of the series is checked by the standard ADF test (see e.g. Dickey
and Fuller 1979), including a constant, a trend and centred seasonal dummies. Here, as
well as in all subsequent models, the lag length is set following the usual information
criteria (maximum lag 10) and autocorrelation tests. Simulated critical values for the
null hypothesis of non-stationarity are taken from MacKinnon (1991, 1996).
For ﬁnding out the number of common stochastic trends, Johansen (1994, 1995) provides
the likelihood ratio trace test. The test statistic for the null hypothesis of at most r




log(1 − ˆ λj) , (4)
where n is the number of endogenous variables and T the number of observations. ˆ λj de-
notes the j-th largest squared sample canonical correlation between ∆yt and the respective
cointegrating relation, both corrected for the inﬂuence of the remaining regressors. Crit-
ical values are obtained by computing the response surface in Doornik (1998).
In case even r = 0 is not rejected, equations (2) and (3) are speciﬁed without any cointe-
gration terms, simply leaving VARs in ﬁrst diﬀerences. Consequently, constant and trend
are then considered outside the cointegrating relations.
3.2 Identiﬁcation through Heteroscedasticity
In the structural VAR equation (1), the matrix A of contemporaneous eﬀects cannot be
identiﬁed without further constraints. The theoretical considerations in section 2 found
6reasons for various possible eﬀects between all variables and therefore did not justify
any zero restrictions. By the same token, it proves impossible to recover the structural
parameters from the reduced form given by (2): In the matrix A with normalised diag-
onal, n(n − 1) simultaneous impacts have to be estimated, but due to its symmetry the
covariance-matrix of the reduced-form residuals delivers only n(n − 1)/2e q u a t i o n sf o r
simultaneous covariances.
In spite of reducing the number of parameters by restrictions, the present approach aims
on principle at augmenting the number of determining equations (see Rigobon 2003): If
one can identify for example several regimes with diﬀering volatility, the necessary shifts in
the covariance-matrix yield additional equations for uncovering the structural parameters,
which for their part have to be assumed constant over time.
The next section describes the set-up and estimation of a so-called ”structural GARCH”
model. In this, I follow basically the intuition of identiﬁcation through volatility regimes.
Estimating a multivariate GARCH however is equal to modelling a continuum of regimes,
which is reﬂected in the estimated variance processes.
3.3 Structural EGARCH
Since the variance model shall be speciﬁed for the structural residuals, according to (3),
these are recovered by
εt = Aut . (5)
Furthermore, deﬁne the conditional variances of the elements in εt by
Var(εjt|It−1)=V a r t−1(εjt)=hjt j =1 ,...,n, (6)
where It−1 denotes the whole set of available information at time t − 1. The conditional
covariances of the structural residuals are assumed to be zero, what is in analogy to the
standard identifying procedure.
Then, stack the hjt in the vector Ht =
 
h1t h2t ... h nt
  
.
At last, denote the standardised white noise residuals by
˜ εjt = εjt/
 
hjt j =1 ,...,n. (7)
The multivariate EGARCH(1,1)-process is then given by
logHt = C + GlogHt−1 + D|˜ εt−1| + F˜ εt−1 , (8)
7where C is an n × 1 vector of constants, and G, D and F are n × n coeﬃcient matrices.
The absolute value operation is to be applied element by element.
The univariate EGARCH has been proposed by Nelson (1991). With the conditional
covariances of the structural residuals assumed to be zero, the multivariate extension (8)
only comprises the conditional variances. By taking logarithms, the EGARCH model
guarantees these variances to be positive. Together with the zero correlations assump-
tion, this is suﬃcient for positive deﬁnite covariance matrices. Furthermore, asymmetric
eﬀects are incorporated by including ˜ εt without taking absolute values: Any parame-
ters in F diﬀering from zero indicate, that besides the magnitude of a shock its sign
contains valuable information for forecasting the conditional variances. EGARCH(1,1)
seems to be appropriate for most series, what will be shown by Lagrange Multiplier (LM)
GARCH-tests, has additionally been checked in univariate models and is quite usual in
ﬁnancial econometrics. Apart from that, higher-order lags would considerably complicate
the likelihood optimisation.
Let Σt denote the conditional covariance-matrix of εt including the hjt on the main diag-










(nlog2π +l o g|Σt| +˜ ε
 
t˜ εt) . (9)
Since assuming conditional normality is often problematic using ﬁnancial markets data,
the estimation relies on Quasi-Maximum-Likelihood (Bollerslev and Wooldridge 1992).
While excess kurtosis may be taken as an argument for adopting in example a Student-t-
distribution, QML has the advantage of consistency even if the distributional assumption
is violated. Although consistency and asymptotic normality are not proven for my par-
ticular model, results from the MGARCH literature suggest, that
√





1 ) , (10)
where M1 = −E(
∂2 loglt(θ)




∂θ  ) (see Comte and Lieberman
2003). Note, that the usual ML covariance matrix estimator ˆ M
−1
1 would not be consistent
under non-normality.
The likelihood optimisation is done using the BHHH algorithm (Berndt, Hall, Hall and
Hausman 1974) in the Gauss Maxlik procedure, the code is written by the author. The
parameter starting values are obtained from the univariate EGARCH estimates, the struc-
tural and cross-eﬀect coeﬃcients are set to zero, and the variance process is started at
8the sample moments. The choice of the starting values did not prove crucial, supported
by the common result in the multivariate GARCH literature, that in any case most cross-
coeﬃcients are insigniﬁcant.
3.4 Combining Reduced-Form and Structural Estimates
In the ﬁrst two steps, the reduced form (3) and the structural EGARCH (8) have been
estimated. At last, the obtained A-matrix is substituted in equation (2), which is then re-
estimated to gain values and standard errors of the remaining parameters. This procedure
allows the determination of dynamic eﬀects running over a certain time span in addition
to the contemporaneous impacts from the identiﬁed structural matrix.
In order to present a measure of the overall interaction between the variables, I compute
the matrix of total eﬀects, which are reached after the adjustment processes have been






















This study employs the common representative daily data for the foreign exchange, money
and stock markets: the exchange rates e measured in domestic currency units per US
dollar, the three-month money market rates i (short-term government bonds, where not
available) and the main national stock indices s. The money market rate at the short end
of the yield curve should be close enough to monetary policy decisions on the one hand,
9but should at the same time exhibit suﬃcient continuous market-driven variation on the
other.
The sample from 01/04/1999 till 10/09/2006 covers the years since the Asian ﬁnancial
crisis in 1997/98. The countries are Australia, Hong Kong (Special Administrative Region
of China), India, Indonesia, Japan, New Zealand, the Philippines, Singapore, South Korea
(”Korea” in the following), Taiwan and Thailand. The interesting cases of China and
Malaysia had to be left out, because their highly regulated interest and exchange rates
are not suitable for an application of time series techniques. Figure 1 gives an overview
o ft h et i m es e r i e s ;t h et h r e ec a s e sw i t hs hortened line graphs are due to scarce data
availability.
In the foreign exchange market, most currencies depreciated moderately against the US
dollar until 2001/2002, then appreciation sets in. For the interest rates, the same pat-
tern could be dismantled: Normally falling till about 2003, an upturn can be detected
afterwards. In the same period, the equity indices show clear signs of a stock exchange
rallying. Obviously, these developments are directed by the course of the business cycle:
Immediately after the crisis, the making up generated a growth peak, but the following re-
cession in the world economy did not spare the Asian Paciﬁc region. Though, a profound
recovery seems to take place at the latest since 2003.
For the empirical analysis, the exchange rates and the stock indices are transformed
to logarithms multiplied by 100. Then, taking ﬁrst diﬀerences generates continuously
compounded asset returns or growth rates in percentage points. As the interest rates are
already measured in percentage points and normally remain rather low, no transformation
is applied. Nonetheless, it is necessary to proceed with care in the parameter interpreta-
tion: For example, a rise of one in an annualised interest rate is equal to four standard
discount rate steps of a central bank, which would be a tremendous change in contrast to
a daily stock return of one percent.
Tackling the degree of persistence in the data, Table 1 displays the p-values of the ADF-
tests on the chosen series E, I and S, where the former and the latter are in logs as
told above. The hypotheses of non-stationarity are conﬁrmed, and additionally, the ﬁrst
diﬀerences are clearly I(0). Solely the unit root results for the Philippine interest rate are
unclear, even through several tests. I will treat it conformable as an I(1)-variable, therefore
naturally running the risk of over-diﬀerencing, but avoiding unbalanced regressions. The
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1999 2000 2001 2002 2003 2004 2005 2006
TW N_S
Figure 1: Exchange rates (E), money market rates (I) and stock indices (S)
12AUS HK IDN INDIA JPN KOR NZL PLP SGP THL TWN
E 0.79 0.20 0.44 0.78 0.55 0.83 0.71 0.97 0.46 0.06 0.86
[lags] 0 0 0 0 0 1 0 0 0 0 1
I 0.82 0.73 0.56 0.53 0.61 0.71 0.92 0.01 0.84 0.96 0.64
[lags] 2 1 0 0 1 1 0 8 0 3 3
S 0.89 0.83 0.93 0.94 0.96 0.66 0.52 0.82 0.91 0.76 0.78
[lags] 0 0 1 1 0 0 0 1 0 0 0
Deterministics: constant, linear trend in E and S when signiﬁcant
Table 1: p-values of ADF-tests
4.2 Speciﬁcation of the Reduced-Form Models
In order to ﬁnd acceptable speciﬁcations of the reduced-form VECM in (3), the numbers
of lags and of cointegrating relations have to be determined. The former are chosen by
the usual information criteria and are checked by LM tests (see Doornik 1996) with the
null hypothesis of no autocorrelation, see Table 2. While the overall impression is quite
satisfying, several rejections appear especially for the higher order. Nevertheless, for the
most part of the variables, the serial correlation should be completely captured.
AUS HK IDN INDIA JPN KOR NZL PLP SGP THL TWN
LM(1) 0.09 0.04 0.72 0.75 0.33 0.17 0.37 0.31 0.03 0.83 0.88
LM(5) 0.28 0.13 0.35 0.01 0.11 0.00 0.02 0.00 0.02 0.17 0.60
lags 2 2 5 1 3 1 1 2 1 3 5
Table 2: p-values of LM-tests for no residual autocorrelation
Concerning the cointegration properties, Table 3 shows the p-values for the trace tests
between the interest rates and the stock indices in bivariate models. Here, the exchange
rates are not considered, because UIP or URP theoretically rule out any cointegrating
relations, what has also been conﬁrmed empirically in the run-up. Consequently, one
common stochastic trend (plus the exchange rate trend in the trivariate system) is ac-
cepted for Japan, Korea and New Zealand. It is true, that the former does not yield clear
signiﬁcance, but the resulting VECM proved very robust and sensible, contrasting for
example with a similar model for Taiwan. The low p-value for the Philippines is strictly
due to the possible stationarity of its money market rate, therefore giving no grounds to
specify a cointegration model.
13AUS HK IDN INDIA JPN KOR NZL PLP SGP THL TWN
H0 : r =0 0.81 0.74 0.35 0.60 0.13∗ 0.00∗ 0.06∗ 0.02 0.16 0.57 0.14
* H0 (no cointegration) rejected
Deterministics: constant, linear trend when signiﬁcant
Table 3: p-values of trace tests for cointegration between i and s
4.3 Financial Volatility Transmission
While the reduced-form models have already been speciﬁed, the structural VARs and
VECMs can only be estimated in the last step after the identiﬁcation of the contempo-
raneous impact matrix. Therefore, at ﬁrst the results for the generating processes of the
conditional variances shall be presented, grouped by several similarities among certain
models. Naturally, there are no cases with insigniﬁcant parameters on the diagonals of
the ﬁrst two matrices, thus showing the pure presence of ARCH eﬀects in the data. The
QML standard errors are put in parentheses below the coeﬃcients.
The most simple variance equations arise from the estimations for Australia, Korea and
Taiwan. Here, all non-diagonal elements are clearly insigniﬁcant, ruling out any causality
in variance between the diﬀerent variables. The only asymmetry appears as the well-
known leverage eﬀect in the stock market, which can be found in nearly all models: The
negative coeﬃcients indicate, that negative shocks to equity prices have higher volatility
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14One cross-eﬀect each can be found for New Zealand and Singapore: In New Zealand,
exchange rate shocks have a considerable impact on the money market variance, what
could be seen as typical for a small open economy. In Singapore, equity price shocks
prove relevant for the foreign exchange market, probably explained by the role of the city
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Examples well-suited to studying interactions between the foreign exchange and money
markets represent Hong Kong and the Philippines. Cross-eﬀects exist in both directions,
added by asymmetric inﬂuences: In Hong Kong, appreciations push up variability in the
foreign exchange and the money market, just as well as interest rate increases. Thereby,
the ﬁrst eﬀect might mirror high sensitivity to losses in competitiveness, an outcome of
the extraordinary export dependence of Hong Kong, as well as the need to support the
quasi currency peg. Additionally, the stock market, which is of paramount importance,
is surely not encouraged by rising interest rates. In contrast, for the Philippines, it is
predominantly depreciations, which bring higher volatility into the money and foreign
exchange markets. The same eﬀect on the former can be found in Indonesia, typically
another country with chronic instability and vulnerability. Here, additionally the stock
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In India, falling equity prices raise the variability in the stock and foreign exchange mar-
kets. In turn, the stock index reacts to depreciating shocks, and in the money market,
above all contractionary shocks drive its variance. All in all, Indian markets seem to
be sensitive to reductions in the value of the respective assets. The Japanese estimated
cross-eﬀects might be interpreted against the background of the deﬂationary period: Pos-
itive equity shocks serve as growth signals, giving grounds to deviate from the lasting
zero interest rate policy, interest rate increases reassure the foreign exchange market, and
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Thailand represents the only case with oﬀ-diagonal GARCH-parameters. On the one
hand, variance impacts from interest rate shocks in the foreign exchange market and from
the exchange rate on the equity index can be detected. On the other hand though, the
corresponding autoregressive coeﬃcients are negative, so that the eﬀect cushions very fast
in the following periods. Concerning the asymmetries, as in Hong Kong, again the strong
export orientation might be responsible for appreciations and bad equity news heightening
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Table 4 summarises the cross-eﬀects in variance between the diﬀerent ﬁnancial markets.
As a ﬁrst result, volatility transmission seems to appear above all in developing countries.
In general, this fact can be interpreted as both source and outcome of relatively higher
instability and insecurity in these economies. Recalling the initial main questions from
section 2, at ﬁrst I can state, that the exchange rate indeed brings variability into the
domestic economy, above all into the money market. Monetary policy induced contagion
eﬀects can be found in the exchange rate, but almost not in the stock index. In turn,
ﬂuctuations from the equity prices spill over mainly into the foreign exchange market.
Eﬀect Countries
exchange rate → interest rate NZL HK+ PLP− IDN− THL
exchange rate → stock index INDIA− JPN THL
interest rate → exchange rate HK+ PLP JPN− THL
interest rate → stock index THL−
stock index → exchange rate SGP PLP+ INDIA− THL−
stock index → interest rate IDN JPN+
+/− : Direction of asymmetry2
Table 4: Variance cross-eﬀects in diﬀerent countries
After presenting the results of the multivariate EGARCH estimations, I examine, if the
models catch up suﬃciently the heteroscedasticity in the data. The p-values for the
ARCH-LM null hypothesis of no remaining ARCH in the residuals in Table 5 conﬁrm the
standard literature result, that GARCH models of orders 1,1 are appropriate for ﬁnancial
markets data. Given the quite considerable number of tests, several rejections should
not be too problematic. Furthermore, the autoregressive parameters smaller than one
meet the stability criterion; the still high persistence is a common feature throughout the
ARCH literature.
The graphs of the estimated conditional variances can be found in the Appendix Figure
2. As an overall impression, the volatilities in the money and stock markets might be
2The signs for the exchange rate appear reversed, because logically a depreciation is a negative change
despite the deﬁnition ”domestic currency / USD”.
17AUS HK IDN INDIA JPN KOR NZL PLP SGP THL TWN
E 0.16 0.00 0.79 0.53 0.61 0.23 0.93 0.63 0.12 0.44 0.22
LM(1) I 0.84 0.21 0.42 0.00 0.96 0.96 0.90 0.89 0.12 0.93 0.71
S 0.00 0.05 0.62 0.84 0.01 0.48 0.75 0.72 0.96 0.36 0.21
E 0.27 0.00 0.97 0.82 0.60 0.73 0.03 0.76 0.39 0.61 0.85
LM(5) I 0.95 0.72 0.00 0.00 0.99 1.00 0.20 0.09 0.00 0.54 1.00
S 0.03 0.08 0.62 0.44 0.01 0.47 0.49 0.86 0.25 0.11 0.22
Table 5: p-values of LM-tests for no residual ARCH
slightly diminishing through time. While an economic stabilisation thus becomes evident,
no such clear pattern is revealed by the exchange rate variabilities.
4.4 Financial Markets Interlinkages
As has already been announced, this section contains the estimations of the fundamental
connections between the underlying ﬁnancial markets. By maximising the likelihood
function (9), besides the EGARCH parameters, estimates of the contemporaneous impacts
are obtained. In the following VAR and VECM systems, the corresponding A matrices are
treated as given, what therefore allows the estimation of the right-hand sides of equation
(2), including as well the cointegrating relations. The dots serve as placeholders for the
deterministics and residuals. As a summary measure, below the respective equations, I
provide the total eﬀects Ξ in the diﬀerent models, which are usually reached quite quickly
in ﬁnancial markets.
The long-run reactions of the variables to their own structural disturbances normally lie
around one. Only in the three models with cointegration (Japan, Korea, New Zealand)
the middle element is near or equal to zero, because the interest rate adjusts to the long-
run relation and therefore equalises all equilibrium deviations, including those produced
by its own shocks. Evidently, the interest rate is then bound to follow the development of
the overall economic performance revealed in the equity index. In the cases of Japan and
New Zealand, the interest rates even have zero total impact on all variables, since they
are the only ones adjusting to the cointegrating term. Above all, the stock prices are not
inﬂuenced by long-run disequilibria, thereby supporting the eﬃcient market hypothesis.
For the better part of cases, the reactions of the exchange rates to money and stock
market shocks are straightforward: Increasing interest rates strengthen the currency, what
represents the textbook eﬀect of monetary policy. Japan and New Zealand, for which the
18total eﬀects are zero due to cointegration, still show negative interim multipliers. The
only positive values appear in Korea, Singapore and Taiwan, where targets of exchange
rate control therefore may be diﬃcult to achieve.
Good news from the stock exchange uniformly lead to an appreciation of the currency,
what is in line with the role of equity prices as growth indicators. The strongest impacts
are detected for Indonesia, Korea and New Zealand.
In eight countries, depreciations cause rises in the money market rates. While most
dimensions remain relatively low, considerable eﬀects exist for Hong Kong, Indonesia and
the Philippines. The quasi pegging of the Hong Kong to the US dollar still comes as
a natural explanation, but for the latter countries, the results cast doubts on their free
ﬂoating regimes. Note however, that the UIP mechanism with adaptive expectations
could produce a similar outcome.
The central bank reactions to stock market developments are indeed very weak with most
parameters remaining near zero. Only for Korea and New Zealand economically relevant
inﬂuences might be found, what is strictly due to the presence of cointegration in these
cases.
Surprisingly, only in the two cases of Japan and New Zealand, the equity market gains
from a devaluation. In the other countries, the importance of a stable currency obviously
outweighs possible proﬁts in the export sector by far. While this might be a result of the
crisis experience, the Japanese deﬂationary environment naturally prefers depreciations,
and New Zealand as a small open and stable economy beneﬁts extensively from a weaker
exchange rate.
The evidence of stock market reactions to interest rate changes is mixed: Positive impacts
are established for Australia, Indonesia, Japan (largest, but only transitory), Thailand
and Taiwan. For these countries, growth signals thus seem to have played a predominant
role, referring to the explanations in section 2. The negative discount rate or investment
cost eﬀect can be found in Hong Kong, Korea and the Philippines. The two former are
the economies with the strongest growth performance in the sample, what gives support







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In view of the main points from section 2, the results can be summarised as follows:
• Most countries operate a certain currency stabilisation.
• Normally, interest rate policy has the potential to succeed, but especially Korea,
Singapore and Taiwan failed.
• The majority of the equity markets prefer strong stable currencies to the competition
advantages from depreciations. The reaction to interest rate movements presumably
depends on the state of the economy.
224.5 Common Regional Shocks
Until now, I have concentrated on level and volatility eﬀects within models for the indi-
vidual countries. Naturally, the methodology can just as well be applied to estimating
systems including ﬁnancial variables across diﬀerent economies. In this paper however, I
take advantage of having identiﬁed the national economic disturbances to address regional
coherence: The following correlation analysis of the structural residuals should yield in-
formation not on the causal inﬂuences among the Asian Paciﬁc countries, but on their
exposure to common shocks in the ﬁnancial markets. Additionally, correlations among
the conditional variances could reveal common patterns in the sequence of volatile and
calm periods. This point of view gains its importance from the organisation of economic
cooperation in the Asian Paciﬁc region, when for instance, symmetric innovations are
taken as prerequisites for an optimal South-East Asian currency area.
At ﬁrst sight, Tables 6, 7 and 8 clarify, that relevant correlations exist only between the
exchange rate (mean = 0.24) and the stock market (mean = 0.29) shocks. In contrast,
the interest rate innovations (mean correlation = 0.03) seem to follow strong idiosyncratic
courses. Signiﬁcance of the correlations is not assessed, because the high number of daily
observations allows almost no discrimination.
In the foreign exchange market, exceptions from the relatively strong linkages might be
Hong Kong, India, the Philippines and Taiwan; excluding these countries raises the mean
correlation to 0.35. For the former, the quasi dollar pegging comes as an obvious explana-
tion, India does of course not ﬁt into the group of typical South-East Asian countries, and
the Philippines are characterised by an unstable economic environment with a number
of outliers. Interpreting the exchange rate correlations, one has to bear in mind, that
developments initiated by the US side are likely to have similar consequences on all con-
sidered currencies. While this describes a natural common factor for all exchange rates,
the variances are obviously less coherent (mean correlation = 0.12).
As has been mentioned above, the diﬀerent money markets are not subject to relevant
common shocks. Contrary results might at most be found for the Oceanic countries
Australia and New Zealand as well as the cities of Hong Kong and Singapore. Evidently,
the markets are not governed by arbitrage mechanisms as described by the UIP, but
follow for example national monetary policy decisions. This result can be conﬁrmed by
a cointegration analysis, producing hardly any evidence for commonness of stochastic
trends in the interest rates. The interpretation should nonetheless take into account, that
the turnovers in some of the national markets are quite low, rendering too far-reaching
23AUS HK IDN INDIA JPN KOR NZL PLP SGP THL TWN
AUS × 0.05 0.04 0.18 0.21 -0.04 0.78 0.14 0.12 0.05 -0.05
HK 0.13 × -0.05 0.05 -0.03 -0.05 -0.04 -0.04 -0.01 0.07 0.02
IDN 0.22 0.10 × 0.17 0.09 0.10 0.10 0.25 0.27 0.13 0.08
INDIA 0.16 0.16 0.22 × 0.00 -0.01 0.28 -0.07 0.16 0.18 0.23
JPN 0.32 0.16 0.25 0.19 × 0.14 0.23 -0.05 0.33 0.14 0.11
KOR 0.16 0.11 0.30 0.16 0.32 × 0.03 0.08 0.34 0.34 0.24
NZL 0.77 0.11 0.18 0.14 0.27 0.15 × 0.10 0.15 0.23 0.09
PLP 0.08 0.03 0.28 0.07 0.14 0.20 0.09 × -0.04 0.07 0.03
SGP 0.37 0.17 0.35 0.24 0.58 0.36 0.36 0.22 × 0.36 0.15
THL 0.29 0.15 0.33 0.22 0.50 0.36 0.28 0.23 0.60 × 0.37
TWN 0.18 0.08 0.23 0.17 0.20 0.35 0.13 0.13 0.27 0.28 ×
Table 6: Correlations of exchange rate shocks (lower left) and variances (upper right)
comparisons unreliable. The variances are correlated only slightly higher than the shocks
(mean=0.10), but for a cluster containing the industrialised economies of Hong Kong,
Japan, Korea, New Zealand and Singapore interest rate volatility is much more symmetric
(mean correlation=0.36). In contrast, the less developed markets seem to be disconnected
from any regional development.
AUS HK IDN INDIA JPN KOR NZL PLP SGP THL TWN
AUS × 0.03 0.02 0.12 -0.03 0.16 0.24 0.04 0.17 0.08 0.02
HK 0.10 × -0.05 0.21 0.34 0.28 0.47 -0.02 0.65 -0.00 -0.03
IDN -0.03 0.02 × -0.13 -0.06 0.06 0.07 -0.03 -0.10 0.05 -0.04
INDIA 0.02 0.05 0.00 × 0.26 0.16 0.18 0.05 0.41 0.06 -0.05
JPN 0.03 0.03 -0.01 0.02 × 0.08 0.26 -0.04 0.42 -0.02 -0.11
KOR 0.09 0.07 0.07 -0.01 -0.06 × 0.22 0.00 0.37 0.03 0.07
NZL 0.22 0.06 -0.04 -0.01 0.02 0.04 × -0.02 0.47 0.03 0.05
PLP 0.01 0.02 -0.03 -0.03 0.00 -0.00 0.03 × -0.04 0.02 0.01
SGP 0.07 0.22 -0.05 0.02 0.01 0.05 0.05 0.01 × 0.06 -0.00
THL 0.04 0.07 0.10 0.04 -0.01 0.03 0.04 0.06 0.07 × -0.01
TWN 0.03 0.02 -0.02 -0.03 0.01 0.04 0.06 0.01 0.01 0.03 ×
Table 7: Correlations of interest rate shocks (lower left) and variances (upper right)
A totally diﬀerent pattern can be established in the equity markets, where the most
coherent innovations are found. Deviations might at best be given in pairs including
24India, New Zealand, Thailand or Taiwan; the mean correlation among the remaining
countries comes to 0.37. The high correlations between the shocks themselves are still
surpassed by those among the variances (mean=0.47). While the regional countries seem
to be hit by symmetric economic news on growth prospects, the trading processes in the
national stock exchanges also generate similar reactions and variabilities.
AUS HK IDN INDIA JPN KOR NZL PLP SGP THL TWN
AUS × 0.54 0.26 0.41 0.53 0.48 0.69 0.52 0.66 0.25 0.35
HK 0.45 × 0.29 0.46 0.57 0.75 0.73 0.48 0.81 0.55 0.67
IDN 0.34 0.39 × 0.59 0.31 0.23 0.21 0.18 0.30 0.21 0.32
INDIA 0.21 0.28 0.34 × 0.36 0.37 0.49 0.30 0.43 0.43 0.31
JPN 0.43 0.49 0.34 0.23 × 0.38 0.41 0.39 0.55 0.47 0.48
KOR 0.37 0.50 0.38 0.25 0.44 × 0.59 0.42 0.69 0.44 0.73
NZL 0.39 0.27 0.12 0.10 0.20 0.24 × 0.54 0.70 0.45 0.49
PLP 0.30 0.24 0.21 0.11 0.24 0.22 0.21 × 0.57 0.46 0.42
SGP 0.40 0.57 0.41 0.29 0.40 0.44 0.25 0.22 × 0.48 0.59
THL 0.25 0.31 0.25 0.21 0.25 0.29 0.13 0.15 0.37 × 0.44
TWN 0.24 0.32 0.33 0.18 0.28 0.34 0.15 0.14 0.30 0.23 ×
Table 8: Correlations of stock market shocks (lower left) and variances (upper right)
5 Concluding Summary
This paper presented the application of a new identiﬁcation method in order to estimate
the impacts between the foreign exchange, money and stock markets in the Asian Paciﬁc
region. In this, structural models for conditional mean and variance have been combined
in a uniﬁed econometric framework. The methodology allows to obtain the causal relations
underlying the pure correlations between the ﬁnancial variables, and therefore leads to
interpretations in the sense of relevant economic theories.
The multivariate EGARCH analysis revealed various causality-in-variance eﬀects between
the volatilities in the national ﬁnancial markets. Typical examples are mutual impulses
between the foreign exchange and the money markets or according reactions to stock
market shocks. When thinking of constructing stable ﬁnancial systems or conducting
monetary policy within these systems, one should consequently be conscious about the
spillovers of variability and uncertainty across diﬀerent markets.
25The identiﬁcation of the important contemporaneous impacts allowed an interpretation
of ﬁnancial interrelations in terms of causality: The short-term interest rates were found
to support the value of the domestic currencies, apart from few exceptions. For the bet-
ter part, the central banks should thus be able to stabilise the exchange rates of their
countries. Expectedly, the examination suggests, that most monetary authorities indeed
exploit this opportunity by reacting to currency ﬂuctuations. Despite the oﬃcial classiﬁ-
cation as free ﬂoating, accordingly many exchange rate regimes seem still to be regulated
in some sense. One reason might be found in the stock markets, of which the majority
obviously prefers stable foreign exchanges to the export advantages of depreciating ten-
dencies. Opposingly, the evidence of money market rate inﬂuences on the stock market
is mixed: In one group of countries the straightforward negative eﬀect prevails, but the
equity prices in another group rather seem to pick up the growth signals of rising interest
rates. At last, the appreciating propagation of positive equity shocks into the foreign
exchange market and the hardly relevant central bank reactions to such disturbances do
not come as a surprise.
Addressing the coherence of shocks in the Asian Paciﬁc region, striking results could be
established: The highest correlations belong to the stock market residuals, suggesting
that growth innovations are fairly symmetric across the region. In contrast, international
money market linkages did not become evident. The foreign exchange markets revealed
clear signs of commonalities, at least for a cluster of economies.
Major actual political tasks in the Asian Paciﬁc region include the stabilisation of the
ﬁnancial system, the organisation of the future currency management and the backing of
sustained economic development. This research could give valuable information for all
these points. Future research might for example consider the task, if structural breaks
like the Asian ﬁnancial crisis can be picked up by the variance process maintaining the
assumption of parameter constancy. A further type of interesting applications would be
given by including variables of diﬀerent countries into one structural EGARCH model,
in order to address the international linkages directly. In this context, certain common
factors could be considered as an additional feature.
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Figure 2: Conditional variances of foreign exchange, money and stock market innovations
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